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SUMMAIip 

Ih. the  course  of a stability  and  control  investigation  of the 
w58-1 airplane,  rudder  kicks  were made at a &ch number of 0.72 at 
a pressure  altitude of 8500 feet. The later&  oscillations resating 

frcm the  rudder  kicks  required la seconds  to dmq to  half  amplitude and 

had a period  of 1.1 seconds.  The  Navy  requirement  which  specifies  the 
dmrping  of  lateral  oscillations was satisfied by a smLU margin. The 
oscillation damps completely  leaving no residual  constant  amplitude 
oscillation.  yawing  Oscillation  produces an oscillation in pitch 
*lch appmently is  caused  by  the  ggroscopic  mcanent of the  engine. 
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The NACA is  engaged in a flight  research  program  in  the  transonic . 
speed  range  utilizing  the  Navy  procured w58-l airplanes. One of 
these  airplanes is being  used  for  the  investigation of stability  and 
control  chmacteristics.  References 1 to 3 present  the  results of 
resemch previously  reported on this  airplane. The present  paper  gives 
the  results  of  two  rudder  kick6 made at a Mach  number of 0.72. 
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pressure  altitude,  feet 

Mach  number  corrected for  position  error 

normal. acceleration in g units 
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Fe,Fa,Fr elevator Ecnd a i l e r m  wheel forces, and rudd.ez=gedal force, 
PO- 

88,8a,+ elevator,  aileron, asd rudder pOeitioDE, degrees 

B sideslip angle, degrees 

% airp-e  norm&-force coefficient (wn/q~) 

S win@; area, square feet  

Q dynamic pressure,  pound^ per square foot.  

The Douglas w58-l aiqlane is  a single-glace low-wlng airplane 
powered by a General Electric -180 turbojet engine. General views of 
the airpLase a m  given as-figure 1 and a threeview drawing of the air- 
plane is given as figure 2. Detail frpecifications of the airplane are 
given in reference 1. 

Standard MACA instruments were used t o  masure the various 
quantities  necessary t o  determine the   s tabi l i ty  and control charactex- 
i s t i c s  of the airplane.  Quantities  recorded were airspeed,  altitude, 
three cosrponents of acceleration,  rolling  velocity,  sideslip . 
-e, aileron-and  eleVator wheel forces and ruddez-pedal force, 
aileron,  elevator, rudder, and stabilizer  positions. All the records 
=re Bgnchronized by a cqmmon tlmer. 

Rudder kicks have been obtained at a Mach number of 0.72 at-a 
pressure altftude of 8500 feet .  Time histories of these rudder  kicks, 
presented in figure 3, show that the  .oscillat.ion  resulting from the 
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with a period of about 1.1 seconds. ALthough the  period is short, the 
clamping satisfies t h e  Navy requirement  given in reference 4 by a mall. 
margin. This requirement  is  presented with the  eqperimental data as 
figure 4. For comparison,  the  old  flyin-yaLities  requirement,  which 
specified that the  lateral  oscillation damg to half amplitude in not 
more  than 2 cycles, is also presented in figure 4. 

The oscillation damps cnmpletely with no constant  amplitude 
residual  oscillation as encountered  with  the X-1 amlane (reference 5 ) .  
Reference 3 shows a lateral  unsteadiness at high Mach  numibers,  but  it 
is  believed that this  is  caused by aileron  cantrolmovements neces~arg 
to counteract an intermittent wing heaviness at hi& Mach  numbers. 

The vasiation of normal acceleration  during the lateral  oscilla- 
tion is believed to be caused  by  the  gyroscopic  action  of  the  engine. 

CONCLUSIONS 

Data  obtained from rudder  kicks with the IL558-l airplane at a 
Mach  number  of  about 0.72 indicate the  f ollawing conclusians : 

1. The lateral  oscillation has a short  period of 1.1 seconds  and 

danqzs to half amplitude In about 1L seconds. The damging satisfies  the 

Navy requirements  by a emall margin. 
2 

2. The oscillation dmgs capletely wlth no residua3  constant 
amplitude  oscillation. 

3. The yawing  oscillatfon  produces an oscillation in pitch a p p e  
ently becawe of the  gyroscopic  moment  of t h e  engine. 
Langley Aeronautical  Laboratory 

National  Advisory  Committee for Aeronautfcs 
Iangley Air Force Base, Va. 
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(a) Side view. 

(b) Thee-quarter front view: 

(c) Front view. 

Figure 1.- Photographs of IL558-1 airplane. - 
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Figure 2.- Three-view drawing of -558-1 airplane. - 
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Figure 3.- Time histories of rudder k.icks made with W s 1  amlane. 
Pressure d t i t u d e  = 8700 f t ;  CN = 0.12. 
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Figure 3.- Concluded. - 
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Figure 4.- Measured damping of D-558-1 aa compared w i t h  the Navy aRllgS 
requirements f o r  satisfactory damping of' the Lateral  oscillation, - 
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